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SUMMARY 
An invest igat ion has been made i n  the  Langley f u l l - s c a l e  tunnel t o  deter-  
mine the longi tudinal  aerodynamic cha rac t e r i s t i c s  of a large-scale semispan 
V/STOL t i l t -wing configuration having a s ingle  propel ler  which w a s  t e s t ed  f o r  
both r igh t -  and left-hand ro ta t ion .  The wing had a chord-to-propeller-diameter 
r a t i o  of 0.5, a double-slotted f lap,  an aspect r a t i o  of 4.88 (2.44 f o r  the  
semispan), a taper  r a t i o  of 1.0, and an NACA 4415 a i r f o i l  sect ion.  
The data  have not been analyzed i n  d e t a i l  but have been examined t o  observe 
the predominant trends.  It w a s  found t h a t  the  d i rec t ion  of propel ler  ro t a t ion  
had no s ign i f i can t  e f f e c t  on the  l i f t  or descent capabi l i ty  a t ta inable ,  although 
d i f f e ren t  types of flow-control devices were required t o  achieve the  same 
r e s u l t s  with d i f f e ren t  d i rec t ions  of ro ta t ion .  The descent capabi l i ty  w a s  
determined from the  values of a t t a inab le  drag- to- l i f t  r a t i o s  without s t a l l i n g  
of any p a r t  of the  wing within the  propel ler  sl ipstream. The use of f l aps  was 
very e f f ec t ive  i n  increasing the descent capabi l i ty  for e i t h e r  mode of ro ta -  
t i on .  
tes ted,  v i r t u a l l y  no descent capab i l i t y  p r io r  t o  wing s t a l l i n g  w a s  achieved 
with Oo f l a p  def lect ion,  whereas, with 40°, 60°, o r  TO0 f l a p  def lect ion,  a 
descent capab i l i t y  of about 20° w a s  achieved. 
For example, with the  most favorable combination of flow-control devices 
INTRODUCTION 
Most of the aerodynamic research done on the  t i l t -wing  propeller-driven 
V/STOL configuration has been of an exploratory character and has been obtained 
with small-scale models. The i n t e r e s t  i n  t h i s  type of a i rp lane  has become so  
subs t an t i a l  t h a t  there  i s  a need f o r  large-scale systematic aerodynamic design 
data  f o r  t h i s  type of a i rplane.  A program has therefore  been inaugurated at the  
Langley Research Center t o  provide such information by means of a large-scale 
semispan tilt-wing-and-propeller model i n  the  Langley fu l l - sca l e  tunnel.  Ref- 
erences 1, 2, and 3 a re  concerned with t h i s  investigation, and t h e  r e s u l t s  of 
the four th  p a r t  of t h e  invest igat ion a r e  reported herein.  The present s e r i e s  of 
t e s t s  were made on a model having a s ingle  propel ler  on the  semispan wing, a 
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chord-to-propeller-diameter ratio of 0.50 (compared with a ratio of 0.60 for 
the three previous investigations), a 35-percent-chord double-slotted flap, and 
a leading-edge slat which could be located in either of two positions. The 
investigation covered a range of angles of attack from -20° to goo and a range 
of power conditions from zero thrust to that required for hovering. Both modes 
of propeller rotation were tested in the present investigation. The results of 
previous investigations (refs. 2 and 3 )  show that the direction of propeller 
rotation has no appreciable effect, but it was believed that there might be some 
significant effect in the present investigation because of the shorter wing 
chord and increased loading due to the double-slotted flap. The lift, drag, and 
pitching moments of the model were measured over the range of test conditions 
and the flow was observed by means of tufts on the upper surface of the wing. 
The results of this investigation are presented herein without detailed analysis 
to expedite their dissemination. 
SYMBOLS 
The positive sense of forces, moments, and angles is shown in,figure 1. 
The pitching-moment coefficients are referred to the wing quarter-chord line. 
The coefficients are based on the dynamic pressure in the propeller slipstream. 
Conventional lift, drag, and pitching-moment coefficients based on the free- 
stream dynamic pressure can be obtained by dividing the slipstream coefficients 
by (1 - CT,s); for example, CL = CL,s/(l - CT,~). The thrust coefficient CG 
may be obtained from the equation cG = [cT,~($)l/(~ - ‘T,S)* 
Measurements for this investigation were made in the U.S. Customary System 
of Units. Equivalent values are indicated herein in the International System 
(SI) in the interest of promoting the use of this system in future NASA reports. 
Factors relating the two systems for units used in this paper may be found in 
the appendix. 
L lift coefficient based on free airstream, - 
qs CL 
L lift coefficient based on slipstream, - 
qSS 
CL, s 
D drag coefficient based on slipstream, - 
qSs 
cD, s 













I t h rus t  coef f ic ien t  based on slipstream, 
TcD;! 
qs 
T th rus t  coef f ic ien t  based on free airstream, - 
qs 
t o t a l  area of propel ler  disk, f t 2  (meters2) 
propeller-blade chord, i n .  (meters); or wing span, f t  (meters) 
wing chord, f t  (meters) 
f l a p  chord, 11.90 i n .  (14.68 cm) 
vane chord, 5.78 in .  (14.68 em) 
propel ler  diameter, f t  (meters) also,  t o t a l  model drag, l b f  (newtons) 
width of slat or  of f lap-s lo t  gap or thickness of propel ler  blade, 
f t  (meters ) 
t o t a l  l i f t  of model, l b f  (newtons) 
pi tching moment, l b f  - f t  (newton-meters ) 
free-stream dynamic pressure, - 2 ’  
T 
7t-D 










radius t o  element on propel ler  blade, f t  (meters) 
radius of propel ler  blade, 2.83 f t  (0.86 meter) 
area of semispan wing, 19.60 f t 2  (1.82 m e t e d )  
propel ler  th rus t ,  l b  (newtons) 
longi tudinal  distance along chord, f t  (meters ) 
v e r t i c a l  height above or below chord l i ne ,  f t  (meters) 
angle of attack, deg 
f l a p  deflection, deg 
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m a x  maxi" 
mass densi ty  of air, s lugs/f t3  (kilograms/meterg) 
free-stream velocity, f t / sec  (meters/sec ) 
MODEL 
The model used i n  t h i s  invest igat ion w a s  a semispan model which would rep- 
resent the  l e f t  panel of a full-span wing. The pr inc ipa l  dimensions of the 
model are given i n  figure 2. The wing w a s  mounted on the  scale  balance system 
i n  the  tunnel so  t h a t  t he  l i f t  and drag measurements were read d i r ec t ly  about 
the  wind axis. Where the  wing extended through the  r e f l ec t ion  plane, a c i r cu la r  
end p l a t e  (with a diameter equal t o  twice the  wing chord) w a s  f i t t e d  around and 
attached t o  the  wing t o  prevent a i r  from leaking through the re f lec t ion  plane 
a t  the  wing root.  
The model w a s  constructed t o  allow nunerous changes t o  be made i n  the  tes t  
configuration, such as: leading-edge modification, and changes of a i r f o i l ,  
trail ing-edge f lap,  d i rec t ion  of ro ta t ion  of t he  propeller,  and wing planform. 
The basic  s t ruc ture  of the  wing consis ts  of a heavy s t e e l  box-beam spar t o  
which a power t r a i n  t o  dr ive the  propel lers  through spanwise shaf t ing i s  
attached and around which various a i r f o i l  contours can be f i t t e d .  
The model configuration f o r  the  present t e s t s  had a 68-inch-diameter 
(1.73-meters) propel ler  having the  charac te r i s t ics  shown i n  f igure  3. 
p e l l e r  location w a s  such t h a t  the  propel ler  t i p  extended t o  the  wing t i p .  In  
the  present invest igat ion both direct ions of propel ler  ro ta t ion  were tes ted .  
The propel ler  t h rus t  w a s  measured by a strain-gage balance which w a s  a pa r t  of 
the  propel ler  shaf t .  The output w a s  fed through s l ipr ings  t o  an indicat ing 
instrument. The required values of th rus t  for each CT,s were set by the  
operator by changing the  speed of the  drive motor. The blade angle at the 
O.73R s t a t ion  of the  propel ler  w a s  held constant a t  17' throughout the  inves- 
t iga t ion .  
wing t o  correspond approximately t o  the  ze ro - l i f t  l i n e  of the  a i r f o i l  section. 
The pro- 
The th rus t  axis w a s  incl ined upward 4' from the  chord l i n e  on the  
The a i r f o i l  used w a s  t he  NACA 4415 sect ion with a 34-inch (0.864-meter) 
chord. 
0.50. 
(1.73 meters) w a s  19.60 square f e e t  (1.82 meters2) and did not include the area 
of the  t i p  fa i r ing .  
This chord length gave a r a t i o  of wing chord t o  propel ler  diameter of 
The reference area of the wing based on a semispan of 83 inches 
The model had a 33-percent-chord double-slotted f l a p  which w a s  s e t  a t  Oo, 
The f l a p  w a s  deflected t o  TO0 f o r  40°, and 60° f o r  most of the  present tests. 
one s e t  of tests. Figure 2(b)  shows the  f lap  def lected 60' r e l a t ive  t o  the  
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vane. The f l a p  bracket w a s  constructed so tha t  the  nose of the  f l a p  positioned 
f o r  each f l a p  s e t t i n g  as shown i n  the  d e t a i l  i n  f igure 2(b).  This re la t ionship 
w a s  a l so  true f o r  t he  nose of t h e  vane f o r  f l a p  def lect ions of 60' and greater .  
As t he  f l a p  angle w a s  decreased the  nose of the  vane moved forward under the  
s k i r t .  Because of bracket l imitat ions,  the  def lect ion angle of zero w a s  not 
obtainable so  the  en t i r e  f l a p  system w a s  replaced with a s o l i d  t r a i l i n g  edge f o r  




Two posi t ions of a leading-edge slat were investigated i n  combination with 
the  f l a p  on t h i s  model. 
higher than normal slat  posi t ion gave b e t t e r  r e su l t s  f o r  some tes t  conditions. 
For t h i s  reason, some of t h e  t e s t s  i n  the  present invest igat ion w e r e  conducted 
with the  slat i n  a "high" posi t ion.  The high and low posi t ions of the  slat 
with the  angles and s l o t  gaps used are shown i n  figure 2(b) .  




Fences having a height of 0 . 2 0 ~  and extending from 0 . 1 3 ~  on t h e  lower sur- 
face of t he  wing around the leading edge t o  about 0 . 7 5 ~  on the  upper surface 
were in s t a l l ed  at  two spanwise locations on the  wing i n  an attempt t o  confine 
the  s t a l l  inboard of t he  propel ler  slipstream. The inboard fence w a s  placed 
about where the  s ide of a fuselage might be (20% of the semispan) and a t  
O.??r/R of the inboard propel ler  blade as indicated i n  f igure  2(c) .  
were made with fences on, both fences were ins ta l led .  








The t e s t s  were made f o r  various deflections of the  double-slotted f l a p  and 
f o r  two d i f fe ren t  posi t ions of a leading-edge slat .  The spec i f ic  configurations 
tes ted,  together with a l i s t  of tab les  and f igures  i n  which the data  f o r  each 
may be found, a r e  given i n  the  following tab le :  
Direction 
of ro ta t ion  Configuration 





























Table Figure I 
T-p- 10 12 
5 
Direct ion 
of r o t  at  i on 
Down a t  t i p  
Up at t i p  
Configuration 
~ 
Inboard slat, 6 ,  = 30' 
Inboard slat, 6, = 30' 
Inboard slat, 6 ,  = 30' 
with fences on 
with fences on 
with fences on 
Inboard slat, 6 ,  = 30° 
Inboard slat, 6 ,  = 30' 
Inboard slat, 6 ,  = 30° 
Inboard slat, 6 ,  = 30' 
Inboard slat, 6 ,  = 30' 
Inboard slat, 6, = 30' 
with fences on 
with fences on 
with fences on 
Inboard slat, 6 ,  = loo, 
Inboard slat, 6 ,  = loo, 
Inboard slat, 6 ,  = loo, 
high posi t ion 
high posi t ion 












































;o 1.0 f o r  
the basic wing and f o r  CT,s = 0.90, 0.80, and 0.60 
t ions .  For any given t e s t  the  th rus t  coef f ic ien t  w a s  held constant over t he  
angle-of-attack range by adjust ing the  propel ler  speed t o  give the  required 
th rus t  a t  each angle of a t tack.  The angle-of-attack range f o r  the  t e s t s  w a s  
approximately from the angle required f o r  zero l i f t  t o  t h a t  required t o  s t a l l  
the  wing or t o  develop a d rag - l i f t  r a t i o  of about 0.30, whichever w a s  lower, 
except f o r  C T , ~  = 1.0 
range w a s  from 0' t o  go0. The t e s t  Reynolds number, based on the  wing chord 
length and t h e  veloci ty  of t he  propel ler  slipstream, w a s  about 2.32 x 106 f o r  
t h rus t  coef f ic ien ts  from 1.00 t o  0.30. For the  C T , ~  = 0 condition, where the  
th rus t  w a s  held a t  zero, the Reynolds number w a s  about 1.91 x 106. 
f o r  t he  other configura- 
( the  s t a t i c  t h rus t  case)  where the  angle-of-attack 
No tunnel-wall corrections have been applied t o  the data  since surveys and 
analysis indicate  t h a t  there  would be no s igni f icant  correction, as explained 
i n  reference 1. 
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DISCUSSION 
The data  presented have not been analyzed i n  d e t a i l  but have been examined 
t o  observe general trends.  A few such trends predominate. One very general 
observation w a s  t h a t  the force- tes t  data  could not be used as an indicat ion of 
t h e  occurrence or extent of wing s t a l l i ng .  The r e su l t s  of the  t u f t  t e s t s  show 
t h a t  the  onset of s t a l l i n g  over s ign i f icant  areas of t he  pa r t  of the  wing 
within the propel ler  sl ipstream frequently occurs a t  20° t o  30' angle of a t tack  
below or above the  angle of  a t tack  f o r  maximum l i f t  coef f ic ien t .  
Effect  of Variables 
Effect of d i rec t ion  of propel ler  rotat ion.-  The r e s u l t s  of the force tests 
show no consistent or very s igni f icant  e f f ec t s  of the d i rec t ion  of propeller 
ro ta t ion  on l i f t  or drag. The tuft tests,  however, show major e f f ec t s  of the  
d i rec t ion  of propeller ro ta t ion .  Rotation of the propel lers  i n  the  down-at-the- 
t i p  direct ion consis tent ly  causes s t a l l i n g  (of the  p a r t  of the  wing i n  the  s l i p -  
stream) t o  start inboard of the nacelle,  t ha t  is ,  behind the  upward-going 
blades. The up-at-the-tip rotat ion,  on the  other  hand, may r e s u l t  i n  the onset 
of s t a l l i n g  occurring e i t h e r  inboard or outboard of the nacelle.  In  e i the r  
case, however, up-at-the-tip ro t a t ion  generally r e s u l t s  i n  a strong outward 
spanwise flow of the boundary layer  p r i o r  t o  the onset of s t a l l i ng .  A s  w i l l  be 
indicated i n  some d e t a i l  i n  the subsequent discussion, however, r e su l t s  j u s t  as 
favorable w i t h  regard t o  wing s t a l l i n g  can be achieved with one mode of propel- 
l e r  ro ta t ion  as with the  other, but d i f f e ren t  types of flow-control devices a re  
required t o  achieve these r e su l t s .  
Effect of fences.- The r e s u l t s  of the tuft t e s t s  showed tha t  the  fences 
were qui te  e f fec t ive  i n  delaying the s ta l l  on the pa r t  of the  wing inboard of 
the  nacelles (and within the  propel ler  sl ipstream) f o r  the  case of down-at-the- 
t i p  ro ta t ion  where inboard s t a l l i n g  tends t o  occur. Evidently the fences pre- 
vented the spread of the ear ly  s t a l l  on the unblown center sect ion of the  wing 
from spreading outward and t r igger ing  the  s ta l l  on the adjacent section of the  
wing in  the slipstream. The fences had l i t t l e  or no e f f ec t  on s t a l l i n g  f o r  the 
case of up-at-the-tip propel ler  ro ta t ion  - as might be expected on the basis  of 
t h i s  reasoning. 
The r e s u l t s  of the force t e s t s  show much l e s s  consis tent  e f f ec t s  of the 
fences on l i f t  and drag, but it w a s  observed tha t  t he  fences generally increased 
the  m a x i m u m  l i f t  coef f ic ien t  and increased the drag a t  maximum l i f t  f o r  the case 
of down-at-the-tip propel ler  ro ta t ion .  
Effect of slat .-  The inboard slat, used e i t h e r  alone or with the fences, 
w a s  not e f fec t ive  i n  delaying the  inboard s t a l l  f o r  the case of down-at-the-tip 
propel ler  ro ta t ion  where the  s t a l l  onset (of the  pa r t  of t he  wing i n  the s l i p -  
stream) occurred inboard of t he  nacelle.  In  fac t ,  i n  many cases the  use of t he  
s la t  caused a small reduction i n  CL," and the  d rag - l i f t  r a t i o  at  CL,-. 
The slat  did, however, cons is ten t ly  increase the  maximum l i f t  coef f ic ien t  at  t h e  
lower th rus t  coef f ic ien t  (CT,s = 0.6). Neither the  force tests nor the  t u f t  
t e s t s  showed any s igni f icant  e f f e c t  of s la t  pos i t ion  f o r  the  two posi t ions 
tes ted,  but t he  lower posi t ion (30" def lec t ion)  used i n  the  majority of t he  
tes ts  seemed very s l i g h t l y  the  better posi t ion.  
Effect  of f laps . -  Deflecting the  f l a p s  g rea t ly  increased the  d rag - l i f t  
r a t i o  achievable p r i o r  t o  s t a l l i n g  of any p a r t  of t he  wing within the  propel ler  
slipstream, as determined by tu f t  tests.  
in t h i s  regard between the  40°, 600, and TO0 f l a p  def lect ions.  
70' deflections,  however, give higher l i f t  coef f ic ien ts  than the  40° deflect ion.  
There w a s  no s igni f icant  difference 
The 60° and 
Evaluation of Configurations 
Many of t he  configurations t e s t ed  do not produce a suitable posi t ive value 
of t he  d rag - l i f t  r a t i o  p r i o r  t o  the  onset of s t a l l i n g  or violent  flow dis turb-  
ances (on the  p a r t  of the  wing immersed i n  the  propel ler  sl ipstream), and t h e  
achievement of suitable pos i t ive  values of p r i o r  t o  the  onset of serious 
flow separation i s  believed t o  be a necessary condition f o r  the wing of a tilt- 
wing V/STOL a i r c r a f t  t o  permit operation i n  descent and deceleration conditions, 
as explained i n  reference 4. Several of t he  configurations studied i n  the  tests 
produced sa t i s f ac to ry  charac te r i s t ics :  
up-at-the-tip propel ler  ro ta t ion  and with slats ( e i t h e r  with or without fences),  
and ( 2 )  t h e  flap-down conditions with the  down-at-the-tip mode of propel ler  
ro t a t ion  and with fences ( e i the r  with or without s la ts) .  For example, f i g -  
ures 8 and 9 (down-at-tip rotat ion,  fences only, and with 40' or 60' f l a p  
def lec t ion)  and f igures  17 and 18 (up-at-t ip rotat ion,  slats only, and with 40' 
or 60° f l a p  def lec t ion)  show the  results f o r  configurations which achieved 
values of 
violent  flow disturbances as indicated by the  t u f t - t e s t  r e su l t s .  These values 
of D/L correspond t o  descent angles i n  f l i g h t  of l7O t o  22'. It should be 
noted tha t ,  i n  no case, were suitable values of D/L achieved f o r  the  flap-up 
conditions. 
D/L 
(1) the  flap-down conditions with the  
D/L of t he  order of 0.3 t o  0.4 p r i o r  t o  the  onset of s ta l l  o r  
CONCLUSIONS 
The following conclusions were drawn from t h e  results of the investigation: 
1. The d i rec t ion  of propel ler  ro t a t ion  had no s igni f icant  e f f ec t  on the  
l i f t  or descent capabi l i ty  a t ta inable ,  although d i f f e ren t  types of flow-control 
devices were required t o  achieve the  same results with t h e  d i f f e ren t  direct ions 
of rotat ion.  (The descent capabi l i ty  w a s  determined from the  a t ta inable  values 
of t he  drag- to- l i f t  r a t i o  without s t a l l i n g  of any p a r t  of the  wing within the  
propel ler  sl ipstream.) 
2. The use of f laps  w a s  very e f f ec t ive  i n  increasing the descent capabi l i ty  
f o r  e i t h e r  r igh t -  or left-hand rotat ion.  For example, with the  most favorable 
8 
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combination of flow-control devices tested, virtually no descent capability 
prior to wing stalling was achieved with Oo flap deflection; whereas, with 40°, 
60°, or TO0 flap deflection, a descent capability of about 20° was achieved. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., January 5,  1966. 
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APPENDIX 
CONVERSION FACTORS - U.S. UNITS TO SI UNITS 
From NASA SP-7012, entitled "The International System of Units - Physical 
Constants and Conversion Factors" by E. A. Mechtly, the following conversion 
factors are included in this report for convenience: 
I
Physical quantity 
Area.. . . . . 
Density . . . . 
Force . . . . . 
Length . . . . . 
Moment . . . . . 
































meters/second (m/sec ) 
- - ._ 
Multiply value given in U.S. Customary Unit by conversion factor to * 
obtain equivalent value in SI Unit. 
10 
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- .Ob13 -. 0431 -. 0466 
























































- . m 5  
-.391 
- .j84 






























‘L,s 1 ‘D,s 





















































































































































-.659 -. 533 
- .420 
- .290 
- .151 -. 050 
.072 





































































































































































.076 . 0% 
. a 6  
.098 
.095 
TABm 3.- TABULATED AERODYNAMIC DATA FOR 
BASIC LEADING EDGE, Sf = 40°, 
AND WWN-AT-TIP ROTATION 
TABLE 4.- TABULATF,D AERODYNAMIC DATA FOR 
B A S I C  LEADING EEE, 6f = 60°, 
AND DOWN-AT-TIP ROTATION 
~ 
I ‘D,s 























- .354 -. 361 
- .368 
- .366 
-. 374 -. 367 
- .374 
-, 369 
- .343 - .j10 -. 263 
-.219 
-. 172 
-0.386 -. 444 
- .424 
-. 421 
- . ]+it9 


















-.350 -. 331 
- .e98 







- .47a -. 453 
-.432 





a, a% ‘L,s I ‘D,s 





















-.752 - .643 
-e517 














- .a75 -. 772 
- .645 
-. 513 











































































cT,s = 0.80 
-0.834 
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TABLE 5.- TABUJATED AERODYNAMIC DATA FOR 
BASIC LEADING ECGE W I T H  FENCES ON, 
6f = Oo, AND DOWN-AT-TIP ROTATION 
-0.483 



















TABLE 6.- TABULATED AERODYNAMIC DATA FOR 
BASIC LEADING EDGE W I T J 3  FENCES ON, 












-.735 - .GO3 
- .471 

























































































































































































- .462 -. 478 
--515 -. 510 
- .475 





















.055 I 2 2  I 
-0.559 
- .724 



































































40 53 1 
c L , s  I %,s 




1.556 .265 I :GB 






TABLE 8.- TABULATED AGRODYNAMIC DATA 











TABLE 7.- TABULATED AERODYNAMIC DATA FOR 
BASIC LEADING EDGE W I T H  FENCES ON, 








- * 527 
- .400 
7 ‘L,s 1 ‘D,s 




















































































































- .903 - .832 - .737 - .626 






































































































-.987 - .942 

















































1.754 - .050 
1.744 I .090 
1.757 .252 






















































































































TABLE 9.- TABULATED AERODYNAMIC DATA 
FOR 6f = 40°, 6, = 30°, AND 
TABLE 10.- TABULATED AERODYNAMIC DATA 
FOR Bf = 60°, 6, = 30' AND 
DOWN-AT-TIP ROTATION DOWN-AT-TIP ROI'ATION 
~ 
T 
cT,s = 0.90 

























































































































































- . 300 -. 303 
- .303 
-.304 




- .299 -. 2% 
- .258 



























































































- .382 -. 368 
- .351 -. 339 









































































































































TABLE 11.- TABULATFX AERODYNAMIC DATA FOR 
6f = Oo, 6, = 30’ WITH FENCES ON, 
TABLE 12.- TABULATED AERODYNAMIC DATA FOR 
6f = 40°, 6, = 30’ WITH FENCES ON, 















































- .396 -. 282 
cL,s 1 cD, s  
~~ 
cT,, = 0.90 
‘L,s 1 ‘D,s 
~ ~ 











































































































































































































































































































cT,, = 0.60 
-0.582 
- .051 




















- 567 - .470 












































TABLE 13. - TABULATED AERODYNAMIC DATA FOR 
6f = 60°, 6, = 30' WITH FENCES ON, 
TABLE 14.- TABULATED AERODYNAMIC DATA 
FOR 6f = Oo, 6, = TO0, AND 
UP-AT-TIP ROTATION AND DOWN-AT-TIP ROTATION 
~ I CL, s 
cT+ = 0.90 cT,s = 0.90 
-0.403 
- .399 








- .393 - .366 
- .326 



























- .989 - .914 
- .823 
- .710 
- - 596 


























































































































































- .772 -. 737 -. 658 















































































-.913 -. 942 -. 953 
-.931 























































































TABLE 15. - TABULATED AERODYNAMIC DATA 
FOR Sf = 40°, 6, = 30°, AND 
UP-AT-TIP ROTATION 
TABLE 16.- TABULATED AERODYNAMIC DATA 
FOR 6f = 60°, 6, = 30°, AND 
UP-AT-TIP ROTATION 
‘L,s 1 ‘D,s 
CT, = 0.90 
‘L,s I ‘D,s 





























- - 358 
- .343 























- * 313 
- .320 
-.354 
- - 389 
- .383 
- * 378 
-. 358 







- .305 -. 313 
- .344 
- .378 - .403 
- .455 - .460 
- .469 
- .428 
-.390 - .368 
-.314 
- .258 






















- *  383 
- .251 





























- - 994 















































































































































































CT,, = 0.60 




-. 570 -. 494 

















































- .408 - .455 
- .283 






















TABLE 17.- TABULATED AERODYNAMIC DATA FOR 
Sf = Oo, 6, = 30’ WITH FENCES ON, 
AND UP-AT-TIP RIYI’KCION 
TABLE 18.- TABULATED AERODYNAMIC DATA FOR 
6f = 40°, 6, = 30’ WITH FENCES ON, 









































































































‘L,s I c D , s  
cT,, = 0.90 
~~ 
CL, 6 



































































































. 6 3  
.063 
* 077 










































. 6 9  
- .003 










































- . 347 
- ,375 
- . j68  
-.355 




- 0 . 5 6  















































































- e  550 
- .456 
-- 332 






























































. . .. .. . ._ .. , , . .,,,., . , ,--.,.. . . ,, . ..-. . . -. 
TABLE 19. - TABULATED PERODYNAMIC DATA FOR 
6f = 60°, 6, = 30' WITH FENCES ON, 
AND UP-AT-TIP ROTATION 
TABLE 20.- TABULATED AERODYNAMIC DATA FOR 
Sf = 40°, 6, = 10' IN HIGH POSITION,  
AND UP-AT-TIP ROTATION 













































































































cT,s = 0.80 
~ 





















































































































































cT,s = 0.60 
















































































-.42j -. 388 
-.J13 
- .246 







TABLE 21.- TABULATED AERODYNAMIC DATA FOR 
6f = 60°, 6, = 10’ I N  HIGH POSITION,  












T m L E  22.- TABULATED AERODYNAhlIC DATA FOR 
sf = 70°, 6, = ioo IN HIGH POSITION, 
AND UP-AT-TIP ROTATION 
-0.429 
-. 429 
- .394 -. 311 
-. 139 
.088 


































































‘L,s I ‘D,s 
c ~ , ~  = 0.90 
-0.470 



























































- .366 -. 328 















- . 44 j  
-.418 
- .368 -. 324 
-.273 -. 225 









- . 601 




















































cL,s  [ c D , ~  








































































1.516 I .651 
-0.319 




- .392 - .415 
-.411 
- . 4 6  
-.bo) 
-.355 
- . 3 6  









- .477 -. 510 
- .489 
-.443 -. 398 -. 348 
- .290 
-. 255 
- .204 -. 166 
-.120 
-. 051 -.093 
-0.428 
- .416 -. 426 










Figure 1.- The positive sense of forces, moments, and angles. 
Area =l. 821 sq m 
( 19.6 sq ft ) ___ 
- 86.36 ~ 
(34.0 1 
i- 
(a) Principal  dimensions of model. 




Leading-edge slat low position 
.018 c 
r 3 2 c - 1  
Leading-edge slat high position 
(b) Sectional views of leading-edge slat configuration. 
Figure 2.- Continued. 
1-20 c _I 
(c) Sectional view of trailing-edge flap. 
Figure 2.- Continued. 
T 
n l c u  
m 
cu M t 
(d) Sectional view of fences. 
Figure 2.- Concluded. 








































(a) Aerodynamic characteristics. 
























-1.0 -10 0 10 20 
0, deg 
30 40 -. 5 0 .5 
cD, s 
1.0 
(a)  Concluded. 
Figure 4.- Continued. 
B 
f 
0 a = O  
0 a - 5  
0 a = 10 
0 a = 20 
a = 30' 
0 a = 40 
0 a = 15 a = 50' 
0 a = 60 
a = 70' 
a = EO" 
a = 90' 
(b) Flow characteristics; C = 1.00. 
Figure 4.- Continued. 
T, 5 L-66-1023 
33 
a = 60' a = 35' 0 a = 10 
0 a = 40' a = 65 0 a = 15 
0 a = 20° a = 45O a = 70 
0 a = 75 0 0 a = 25 a = 50 
I . . . 
a = 30' a = 55O a = 80° 
(c )  Flow characteristics; C = 0.95. 1-66- 1024 
T, s 
Figure 4.- Continued. 
34 
, , , 
> , / , I  
0 a = 55 
0 0 a = 10 a = 35 a = 60' 
0 a = 15 a = 40' 0 a = 65 
a = 20' a = 45" 
0 a = 25' a = 50 0 a = 75 
( d )  Flow characteristics; C = 0.90. 




0 a = 20 0 a = -5 
. . . . .  
4 . . . .  I 
i ,  . ;  , -  , '  I ! ,  b 
0 0 a = 25 a = 50 0 a - 0  
0 
0 a = 55 a = 5  a = 30 0 
a = 60' 0 a = 35 0 a = 10 
0 a = 65" - a = 40 0 a = 15 
(e) Flow characteristics; C = 0.80. L-66-1026 
T, s 
Figure 4.- Continued. 
f 
0 a = 10 a = 35' a = -15" 
0 
0 a = 40 a = 15 0 a = -10 
a = -5  0 a = 20' a = 45' 
0 0 a = 50' a - 0  a = 25 
0 0 a = 55" a - 5  a = 30 
( f )  Flow characteristics; C = 0.60. L-66- 1027 T, s 




0 a = 10 0 a = -10 
0 a = 35 0 0 a = -5  a = 15 
a = 40' 0 a = 20 0 a = O  
(g) Flow characteristics; C = 0.30. L-66-1028 T, s 
Figure 4.- Continued. 
0 a = -20 
0 0 0 a = -15 a = 5  a = 25 
0 0 0 a = -10 a = 10 a = 30 
0 0 
0 = -5  a = 15 
(h) Flow characteristics; C = 0. 
Figure 4.- Concluded. 
T, s 
L- 66- 1029 
39 
%, s 4 deg 
(a) Aerodynamic characteristics. 
Figure 5.- Aerodynamic and flow characteristics of model wi th  basic leading edge and wi th  trailing-edge flap deflected 40°. Down-at-tip rotation. 
I , ' I /  1 1 ;  
a = 20' a = 45' 0 a = -5 
, I .  . I .  ' ; . , . ,  ' 5 . .  
0 a = 60 
a = 65' 0 0 Q = 15 a = 40 
(bl  Flow characterist ics; C = 0.90. 
T, s 
Figure 5.- Continued. 
1-66- 1030 
41 
0 a = 40 0 a = 15 
0 a = 20' a = 45 0 a = -5 
: , 4, , 
0 0 a = O  a = 25' a = 50 
0 0.5 
(c)  Flow characteristics; C = 0.80. T, s 
Figure 5.- Continued. 
1-66- 1031 
42 
. . .  _ .  
0 a = 25 0 0 a = -15 a = 5  
0 0 a = 10 a = 30 0 a = -10 
0 0 0 a = -5 a = 15 a = 35 
. . A _ .  
, . . I .  
0 U 0 a = 40 a = O  a = 20 
(d)  Flow characterist ics; C = 0.60. 1-66- 1032 T, s 














(a) Aerodynamic characteristics. 
Figure 6.- Aerodynamic and flow characteristics of the model wi th  basic leading edge and wi th  trailing-edge flap deflected 60°. Down-at-tip rotation. 
a = 40" 0 a = 15 0 a = -10 
a = 50' 0 a = 25 0 a = O  
0 0 a = 30 a = 55 0 a - 5  
(b) Flow characteristics; C = 0.90. L-66-1033 
T, s 
Figure 6.- Continued. 
45 
a = 45' 0 a = -5  
0 a = 50 0 0 a r O  a 25 
(c) Flow characterist ics; C = 0.80. 
Figure 6.- Continued. 
T, s L-66-1034 
46 
I 
0 a = -20 
, * . . .  . 
, . .  I 
0 0 a = -5 a = 15 
(d) Flow characteristics; c = 0.60. 
Figure 6.- Concluded. 
T, s 




(a) Aerodynamic characteristics. 
Figure 7.- Aerodynamic and flow characteristics of model wi th  basic leading edge and wi th  trailing-edge flap undeflected. 6f = 0'. Fences on. 
Down-at-tip rotation. 
I 
0 0 a = 10 a = 35' a = 60 
0 a = 20' a = 45O a = 70 
0 0 
0 a = 50 a = 75 a = 25 
a = 80' 0 a = 55 0 a = 30 
L-66-1036 (b) Flow characterist ics; C = 0.90. 
Figure 7.- Continued. 
T, s 
49 
0 a - 0  0 a = 25 0 a = 50 
0 a = 5  
0 
a = 30 0 a = 55 
0 a = 1.0 0 a = 35 0 a = 60 
0 a = 20 
0 a = 40 
a = 45' 
a = 65' 
0 a = 70 
(c) Flow characterist ics; C = 0.80. 
T, s 
Figure 7.- Continued. 
L-66- 1037 
0 0 a = 10 a = 35 0 a = -15 
0 0 a = 40 0 a = -10 a = 15 
a = -5 a = 20 0 a = 45' 0 
0 a = 50 0 a = 25 0 a = O  
0 a = 55 0 0 a - 5  a = 30 
(d)  Flow characterist ics; C = 0.60. L-66-1038 T, 












. 5  
0 
(a) Aerodynamic characteristics. 
Figure 8.- Aerodynamic and flow characteristics of model wi th  basic leading edge and wi th  trailing-edge flap deflected 40°. Fences on. 
Down-at-tip rotation. 
0 a = 40 0 0 a = -10 a = 15 
0 a = 20 0 a = 45' a = -5 
0 
a = O  0 a =25' a = 50 
a = 5  0 a = 30' a =55' 
a = 35' a = 60' / 0 a = 10 
(b) Flow characteristics; C = 0.90. 
Figure 8.- Continued. 
T, s 
L- 66- 1039 
53 
0 0 a = 10 a = 35 0 a = -15 
a -10 0 a =15 a = 40" 
a = 45' 0 a = 20 0 a = -5 
a = 5  0 a = 30' a = 55" 
(c)  Flow characteristics; C = 0.80. L-66-1040 
T, s 
Figure 8.- Continued. 
54 
0 0 a = 5  a = 25 0 a = -15 
0 a = 35 0 0 a = -5 a = 15 
0 a = 40 0 0 a = O  a = 20 
(d) Flow characterist ics; C = 0.60. L-66-1041 
T, s 












. 5  
0 
30 40 50 60 -1.0 -. 5 0 . 5  1.0 -20 -10 0 10 20 
'D, s 
a, deg 
( a )  Aerodynamic characteristics. 
Figure 9.- Aerodynamic and flow characteristics of model wi th  basic leading edge and wi th  trailing-edge flap deflected 60'. Fences on. 
Down-at-tip rotation. 
a = 35O 0 a = 10 0 a = -15 
a = -10 0 a = 15 0 a = 40' 
0 0 a = 30 a = 55 0 a = 5  
(b) Flow characteristics; C = 0.90. L-66-1042 
T. s 
Figure 9.- Continued. 
57 
I 
a = -10 0 a = 10' a = 30' 
0 0 a = 15 a = 35 0 a = -5 
0 0 0 a - 0  a = 20 a = 40 
. 
0 
a = 25' a = 45 0 a - 5  
(c)  Flow characteristics; C = 0.80. 
Figure 9.- Continued. 
T, s L-66-1043 
0 a = 20 0 0 a = -20 a = O  
0 a = 25 0 0 a = -15 a = 5  
0 0 a = 10 a = 30 0 n = -10 
0 0 0 a = -5 a = 15 a = 35 
(d) Flow characterist ics; C = 0.60. 1-66- 1044 
T. 










C L S  .5 
0 
(a) Aerodynamic characteristics. 
‘D, s 
Figure 10.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected 30’ and wi th  trailing-edge flap undeflected. b f  = 0’ 
Down-at-tip rotation. 
0 a = 60 0 a = 10 a = 35' 
0 u = 65 0 0 a = 15 a = 40 
0 a = 45 0 u = 70' a = 20 
0 a = 75 0 0 a = 25 a = 50 
0 0 a = 55 a = 80 0 a = 30 
(b)  Flow characterist ics; C = 0.90. L-66-1045 
T, s 
Figure 10.- Continued. 
61 
I 
0 a = 50 0 a =25' a = O  
0 a = 55 0 a = 30 0 a = 5  
0 a = 35' a = 60 0 a = 10 
. .. 
a = 40 0 a = 65' 
0 0 a = 45 a = 70 0 a = 20 
I (c) Flow characterist ics; C = 0.80. L-66-1046 T, s 
Figure 10.- Continued. 
62 
0 a = 15 
0 a = -5 0 a = 45 0 a = 20 
a = 0" 0 0 a = 25 a = 50 
0 a - 5  0 a - 30' a = 55 
a = 60' a = 35 , 0 
i d  
(d) Flow characteristics; C = 0.60. L-66- IO47 T, 5 













(a) Aerodynamic characteristics. 
Figure 11.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected 30° and wi th  trailinq-edqe flar, deflected 40°. 
Down-at-tip rotation. 
a = 45' 0 a = 20 0 a = -5 
a = 50' 0 a = 25 0 a = O  
7 ,  * . . . 
, , . . .  
I !  $ , $ , \ ,  
0 
a = 30' a = 55 0 a = 5  
. I . .  
0 a = 10 
0 0 
0 a = 40 a = 65 a = 15 
(b)  Flow characteristics; C = 0.90. 
Figure 11.- Continued. 
T, s 
L-66-1048 
0 a = -5 0 a = 20 
0 a - 0  
0 a - 5  
0 a = 10 
0 a = 15 
0 a = 25 
0 a = 30 
0 a = 50 
0 a = 55 
0 a = 35 
0 
a = 40 
0 a = 60 
0 a = 65 
Y 
(c) Flow characteristics; C = 0.80. 







a = 5  a = 25' 0 a = -15 
0 0 
a = -10 a = 10 a = 30' 
ip 
0 a = 40 
(d)  Flow characteristics; C = 0.60. 
Figure 11.- Concluded. 













. 5  
0 
-20 -10 0 10 20 30 40 50 60 70 -1.0 -.5 0 .5 1.0 
'a, deg CD, s 
(a) Aerodynamic characteristics. 





a = -5 a = 20' a = 45' 
0 a = 55 0 a = 30 0 01-5 
0 a = 60 0 0 a = 10 a = 35 
0 a = 65 0 0 a = 40 1 11 a = 15 
i. 
(b) Flow characteristics; C = 0.90. L-66- 1051 
P T, s 





0 a = 45 0 a = -5 a = 20' 
a = O  a = 25 0 a = 50' 0 
0 0 a = 5  a = 30' a = 55 
0 a = 60 0 0 a = 10 a = 35 
a = 15 0 a = 40' a = 65" 
(c )  Flow characteristics; C = 0.80. L-66-1052 
T, s 
Figure 12.- Continued. 
D 
0 a = 25 0 0 a = -15 a - 5  
0 0 a = 10 a = 30 0 a = -10 
. . . 
0 0 a = 15 a = 35 0 a = -5 
0 0 0 a = O  a = 20 a = 40 
(d) Flow characteristics; C = 0.60. 










.5 cL s 
0 
'D, s 
(a) Aerodynamic characteristics. 
Figure 13.- Aerodynamic and flow characterist ics of model w i th  inboard section of slat deflected 30° and wi th  trailing-edge flap undeflected. 
4 = Oo. Fences on. Down-at-tip rotation. 
0 a = 10 
0 a = 15 
a = 20' 
a =253 
0 a = 30 
. 
0 a = 60 0 a = 35 
. - 
a = 40' 
0 a = 45 
0 a = 65 
0 a = 70 
0 a = 15 0 a = 50 
0 a = 55 
(b) Flow characteristics; C = 0.90. 
Figure 13.- Continued. 
T, s 
L- 66- 1054 
73 
0 a = 30 a = 55" 
0 a = 10 0 a = 60 
0 a = 15 a = 40" 
0 a = 65 
0 a = 20 CI = 70" 
0 a = 75 
c 
0 
N = 25 
74 
a = 50' 
(c)  Flow characterist ics; C = 0.80. 
Figure 13.- Contirued. 
T, 5 
L- 66- 1055 
0 0 a = 10 a = 35 0 a = -15 
0 0 a = 40' a = -10 a = 15 
a = 45' 0 0 a = -5  a = 20 
0 a = 50 0 0 a = O  a = 25 
0 0 a = 5  a = 30' a = 55 
(d) Flow characteristics; C = 0.60. L-66-1056 T, 5 
Figure 13.- Concluded. 
75 
. .  
(a) Aerodynamic characteristics. 
Figure 14.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected 30° and wi th  trailing-edge flap deflected 40'. 
Fences on. Down-at-tip rotation. 
0 0 a = -5 a = 20 
x 
a = 50' 0 a = O  a = 25' 
a = 55' 0 0 a - 5  a = 30 
0 a 60 0 a = 10" a = 35 
I 0 0 0 
Y, a = 15 a = 40 
,i 
a = 65 
i 
1 Figure 14.- Continued. 
I 
(b) Flow characterist ics; C = 0.90. L-66-1057 T, s 
77 i 
I 
0 a = 20 0 a = 45" a = -5 
0 a = 2 5 O  a = 50 0 a = O  
0 
a = 55 0 0 a - 5  a = 30 
0 a = 60 0 a = 35 0 a = 10 
(c)  Flow characteristics; C = 0.80. L-66-1058 T, s 
Figure 14.- Continued. 
0 a = 25 0 
0 
a = -15 a - 5  
0 0 a = 10 a = 30 0 a = -10 
0 a = 35 0 0 a =  15 c l -  - 5  
. .  0 a = 40" a = 20 0 a = O  
(d) Flow characteristics; C = 0.60. L-66-1059 
T, s 










-20 -10 0 10 20 30 40 50 60 70 -1.0 -.5 0 . 5  1.0 
CD, s 
(a) Aerodynamic characteristics. 
Figure 15.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected 30° and wi th  trailing-edge flap deflected 60°. 
Fences on. Down-at-tip rotation. 
IC 
0 a = 45 0 a = 20 0 a = -5 
0 a = 50 0 0 a = O  a = 25 
0 a = 55 0 a = 30 0 a = 5  
0 a = 60 0 0 a = 10 a = 35 
0 a = 65 0 a = 40 0 a = 15 
81 
(b) Flow characteristics; C = 0.90. 1-66- 1060 
T, s 
Figure 15.- Continued. 
111111. I I II II I II I I II I I I I 111111 I I  111111.11 111111 111111.1111111 1111111 1.1111111111111.11~111.1.111111 I I 111111 111 I I1 I 111.11 11111.1-111 I1 11111.I.II 
0 a = -10 
0 0 a = 15 a = 40 
0 0 a = 20 a = 45 0 0 = -5 
0 a = O  
0 0 - 5  0 0 a = 30 a = 55 
,-, 0 a = 10 
82 
a = 35" a = 60" 
(c) Flow characterist ics; C = 0.80. L-66-1061 T, s 
Figure 15.- Continued. 
0 a = -15 0 a = 5  0 a = 25 
0 a = -10 
0 a = 10 0 a = 30 
0 a = -5 0 a = 15 a = 35O 
0 a - 0  
I 
0 a = 20 
(d)  Flow characterist ics; C = 0.60. 
Figure 15.- Concluded. 
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Figure 16.- Aerodynamic and f l w  characteristics of model wi th  inboard section of slat deflected 30° and wi th  trailing-edge flap undeflected. 6f = Oo. 
Up-at-tip rotation. 
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(b) Flow characteristics; C = 0.90. 
Figure 16.- Continued. 
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(c)  Flow characteristics; C = 0.80. T, 5 
Figure 16.- Continued. 
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( d )  Flow characteristics; C T, s = 0.60. L-66-1065 











(a) Aerodynamic characteristics. 




(b) Flow characteristics; C = 0.90. 
Figure 17.- Continued. 
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(c) Flow characterist ics; C = 0.80. 
Figure 17.- Continued. 
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(d) Flow characteristics; C = 0.60. 















(a) Aerodynamic characteristics. 
Figure 18.- Aerodynamic and flow characteristics of model with inboard section of slat deflected 30° and with trailing-edge flap deflected 60°, 
Up-at-tip rotation. 
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(b) Flow characterist ics; C = 0.90. L-66-1069 T, s 
Figure 18.- Continued. 
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(c)  Flow characteristics; C = 0.80. 
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(d) Flow characterist ics; C = 0.60. L-66-1071 
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Figure 18.- Concluded. 
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(a) Aerodynamic characteristics. 
Figure 19.- Aerodynamic and flow characteristics of model w i th  inboard section of slat deflected 30°and w i th  trailing-edge flap undeflected. df = 0’. Fences on. 
Up-at-tip rotation. 
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(b) Flow characterist ics; C = 0.90. 
Figure 19.- Continued. 
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(c) Flow characteristics; C = 0.80. 
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Figure 19.- Continued. 
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(d) Flow characterist ics; C = 0.60. 
Figure 19.- Concluded. 
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(a) Aerodynamic characteristics. 
Figure 20.- Aerodynamic and flow characteristics of model w i th  inboard section of slat deflected 30' and with trailing-edge flap deflected 40°. Fences on. 
Up-at-tip rotation. 
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(b) Flow characteristics; C = 0.90. 
Figure 20.- Continued. 
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(c)  Flow characterist ics; C = 0.80. T, s 
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(d)  Flow characteristics; C = 0.60. 
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Figure 20.- Concluded. 
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(a) Aerodynamic characteristics. 
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Figure 21.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected 30' and wi th  trailing-edge flap deflected 60'. Fences on. 
Up-at-tip rotation. 
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(b) Flow characterist ics; C = 0.90. L-66-1078 T, 5 
Figure 21.- Continued. 
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(c)  Flow characteristics; C = 0.80. 
Figure 21.- Continued. 
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(d) Flow characteristics; C = 0.60. L-66-1080 T, s 
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la) Aerodynamic characteristics. 
Figure 22.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected loo (h igh position) and wi th  trailing-edge flap deflected 40'. 
Up-at-tip rotation. 
0 a = -5 0 [I = 70 
0 a - 0  a = 25' a = 50' 
0 a = 5  
0 a = 10 
a = 30' 
0 a = 35 
0 a = 15 a = 40' 
(b) Flow characteristics; C = 0.90. 
Figure 22.- Continued. 
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(c) Flow characterist ics; C = 0.80. 
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(d) Flow characterist ics; C = 0.60. 1-66- 1083 T, 
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(a) Aerodynamic characteristics. 
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(b) Flow characteristics; C = 0.90. 
Figure 23.- Continued. 
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(c)  Flow characterist ics; C = 0.80. 
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Figure 23.- Continued. 
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( d )  Flow characterist ics; C = 0.60. L-66-1086 T, 5 
Figure 23.- Concluded. 
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(a) Aerodynamic characteristics. 
Figure 24.- Aerodynamic and flow characteristics of model wi th  inboard section of slat deflected 10' (h igh position) and wi th  trailing-edge flap deflected 70°. 
Up-at-tip rotation. 
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(b) Flow characterist ics; C = 0.90. 1-66- 1087 
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Figure 24.- Continued. 
(c) Flow characteristics; C = 0.80. 
Figure 24.- Continued. 
T, s L-66- 1088 
118 
0 0 0 a - 5  a = 25 u = -15 
0 n 0 a = 30 a = -10 a = 10 
a = 35' 0 0 a = -5 a = 15 
0 a = 40 a = 0' a = 20' 
( d )  Flow characteristics; C = 0.60. L-66-1089 
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Figure 24.- Concluded. 
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